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 One of the most rapidly developing segments 
of the broader semiconductor industry is the 
telecommunications market, where manu-
facturers seek to profit from the huge volume 
of mobile phone handsets. Some 960 million 
handsets were shipped in the 2005-2006 
period, and volume is still growing, driven 
in part by burgeoning sales in remote areas 
(some of which have never had significant 
landline systems), and in part by the rapid-
fire addition of sophisticated new functions 
to the handsets. The latter is increasing in an 
endeavour to find that elusive ‘killer applica-
tion’ in the commodity market.
The mobile phone industry depends 
very heavily on the phone base sta-
tions scattered about the landscape. 
The base stations have the somewhat 
tricky task of relaying signals to and 
from individual handsets in the vicinity. 
Inside a given phone base station, signals 
have conventionally been transmitted 
and received by Lateral Diffused Metal 
Oxide Semiconductors, or LDMOS. These 
integrated circuits (ICs) are relatively 
inexpensive, but have functional limita-
tions that it is becoming hard to ignore. 
Specifically, the silicon-based LDMOS 
chips transmit channels that lack sharp, 
distinct edges; as a result, each chip can 
handle fewer channels.
Just coming over the horizon are chips 
based on gallium nitride (GaN), rather 
than silicon. Like its more widely used 
brother GaAs, GaN can handle higher 
power, and transmits channels with very 
sharp edges. Compared to silicon, it is 
much more efficient at handling the trans-
mission and reception needs of mobile 
phone base stations. Large firms such as 
Freescale and Phillips have recently rec-
ognized the limitations of LDMOS and are 
turning their attention to GaN. Smaller 
firms - some start-ups, and some more 
firmly established - are developing GaN 
chips or are already in production.
In a larger sense, developments in GaAs 
and GaN are the result of demands for 
power, increased linearity, and increased 
bandwidth not only for mobile phones 
but for numerous fields of communica-
tion, both civilian and military, extending 
across all of the usable frequencies. These 
demands will only increase under the pres-
sure for extra system performance such as 
high-speed data services that carry mobile 
video, broadband, video conferencing, and 
television. At the high end of the spectrum, 
X-band radar is the golden apple. 
With their higher ‘energy gap’ supporting 
higher fields hence higher operating volt-
ages and their ‘wide-bandgap’ supporting 
high frequency/high power applications, 
GaAs and GaN have a large contribution 
to make. Power efficiency is also one of 
their strengths but that comes through 
the ability to operate at higher tempera-
tures and higher voltages.
To penetrate the highly commercial field 
of telecommunications – the technol-
ogy that will carry future data services 
– new technologies such as GaAs and 
GaN need to address manufacturing and 
material costs by adopting some of the 
silicon technology approach. Silicon 
manufacturing expertise has been per-
fected and honed over many years. This 
has developed equipment and handling 
systems into cost effective manufacturing 
methods from basic processes through 
to sophisticated ‘design for manufacture’ 
using complex failure analysis. Material 
supplies, especially in terms of wafers, 
are well supported both in specification 
and quality.
Integration within the chip is now tak-
ing place but aimed at creating match-
ing networks in the form of capacitive 
and inductive components integrated 
into the power devices such as BiFETs 
(Bidirectional Field-Effect Transistors) 
and HEMTs (High Electron Mobility 
Transistors).   This is based on the need 
to optimise the transfer of power from 
driver to output stage. The impedance 
to transmission at high frequency is 
determined by the physical elements in 
its path. The physical geometry of the 
conductors and insulators along with 
their parametric constants in terms of 
resistivity, dielectric constant, and induct-
ance determine these elements. These 
impedances, looking at the drive line 
and the output line, must be matched 
for optimum power transfer and to avoid 
reflections of the signal.
Developments in GaN are of particular 
interest at the moment because of the 
diversity of substrate materials involved. 
Silicon, GaAs, and other materials can 
be grown as crystals and then sliced 
into wafers, but no one has yet devised 
a method of growing a GaN crystal. 
This means that a layer of GaN must be 
deposited onto a wafer of another mate-
rial, and to date diamond, silicon carbide, 
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sapphire, silicon, and non-ingot GaN have been 
used as substrates. A quick glance at the list 
shows that there are big differences in relative 
material costs, but cost is not the whole story 
by any means. In theory, at least, there are plenty 
of available substrates that can carry GaN into 
mobile phone base stations to replace LDMOS, 
and into numerous other applications. 
This does not mean, however, that penetration of 
new markets, or of the market for mobile phone 
base stations, will be automatic. Felix Ejeckam 
is the CEO of Group4 Labs in Menlo Park, 
California. His firm has developed, and markets, 
a 2-inch GaN-on-diamond epitaxial wafer. The 
GaN thin film is only 1 to 2 microns thick, while 
the diamond substrate ranges from 200 to 400 
microns. GaN operates most efficiently at very 
high temperatures (300°C), while diamond is the 
most efficient of all materials at transferring heat. 
Interest in Ejeckam’s firm’s wafers comes from 
both commercial and military sources.
“GaN is trying to penetrate [the markets],” 
Ejeckam says, “and it is really at the early stages. 
The jury is certainly still out. What will probably 
happen - as is always the case in these market 
conditions - GaN will quickly take the niche 
areas where silicon cannot even compare, even if 
it were given away free.
“So certain high-end applications such as long-
reach base stations that are expected to shoot 
signal 30 miles - GaN will take those applica-
tions very quickly.” But Ejeckam anticipates that 
silicon will continue to be the material of choice 
in small, short-distance base stations where high 
power and high frequency are not needed. 
“And then in the middle there will be some rough 
general split between GaN and silicon, depending 
on execution, on how well the companies that 
are shipping deliver on time and at good price 
points. And that will also depend on demand, how 
demand shapes up in the coming years. So I think 
the jury’s still out on that middle regime, but as far 
as the two ends, GaN will do what it will do, and 
silicon will do what it will do.”
Many companies, he notes, would be happy to 
continue using silicon because they have vast 
experience with silicon over many decades. But 
as frequencies go up, communications systems 
reach frequencies that silicon simply cannot 
handle. The U.S. military is very interested in 
GaN - and is investing heavily in its development 
at many firms - because of the expectation that 
GaN will make X-band radar a reality. 
“The value proposition is there because there 
is new functionality that is enabled by GaN, and 
that was previously unavailable with silicon 
alone. They would like to be able to use silicon, 
but it’s simply not fundamentally capable of 
going to higher frequencies because of the para-
sitic noise. You get beyond a certain frequency 
and it just starts to get noisy,” Ejeckam says. His 
firm, he adds, has two grants from the Missile 
Defense Agency, and has recently completed a 
Phase 2 grant with DARPA.
A different approach to implementing GaN 
devices has been taken by Nitronex, a North 
Carolina firm that has received a patent for its 
process that successfully deposits GaN onto a 
silicon wafer. One advantage of using a silicon 
substrate is its low cost; another is the long his-
tory of silicon - people feel comfortable using it. 
Dr. Eddie Piner, a director at Nitronex, refers to 
this as “the manufacturability of the substrate.”
“I can go on the Internet and buy wafers, with 
the Semi specs that the whole industry is driven 
by, and I can be 95% plus assured that the sili-
con wafer I get from Vendor A is the exact same 
wafer I get from Vendor B....the same is true for 
GaAs. GaAs wafers have been around for several 
decades, so they’ve had time to work out some 
of the manufacturing details.” But some of the 
newer substrate materials, he observes, don’t 
yet have this quality of stability, which he likes 
to call “manufacturing readiness.” Potential cus-
tomers tend to feel the same way, and have told 
Piner, “If it can’t be done on silicon, it’s not going 
to be that interesting to us.”
Nitronex deposits the GaN on a standard silicon 
wafer, 500 to 525 microns thick. After epitaxial 
growth, the backside of the wafer is thinned. 
Products that the firm is currently announcing 
Figure 1. 100 mm GaN-on-
silicon wafer [Nitronex].
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use wafers thinned to 150 microns, and work 
is underway on products that will require thin-
ning to 100 microns. The firm also expects to 
demonstrate wafers with a diameter of 150 mm 
(up from the current 100 mm) sometime during 
2007. The demand for the larger diameter is com-
ing not from cost considerations, he explains, but 
rather from a need for compatibility with cus-
tomers’ existing GaAs lines.
The GaN film, Piner notes, is only about 2 
microns thick. “The key part of that 2-micron 
stack is the top 200 Å or so, so even at 2 microns 
we’re really wasting 99% of the material. It’s just 
there for strain and quality,” he observes.
Nitronex has recently introduced a Gallium 
Nitride 28 V, 50 W High Electron Mobility 
Transistor, which has 500 megahertz of band-
width, covering 3.3 to 3.8 gigahertz and designed 
for WiMAX applications. Development of this part 
was driven by requests from customers. “This part 
is the main amplifier in their build-up, and we 
were told very quickly that they would also need 
a pre-driver, a PA to basically drive that big driver.”
The pre-driver is a 15-watt part, and performs a 
task that could be done by GaAs, although there 
is no industry-standard part in this area yet - a 
situation that created a new opportunity. “Our 
customers were telling us...if you can do the 
driver, we’ll give you the business for the pre-
driver as well, and that way we’re basically using 
one technology for the whole build-up.” 
The high-frequency, high-power capabilities of 
GaN have led logically to the following ques-
tion: if GaN can be used in mobile phone base 
stations, why can it not also be used in the hand-
sets? Working with a partner, Nitronex investi-
gated this possibility - an intriguing area because 
it could open up a new market for GaN. 
“We set about doing some work from the epi 
design and from the device design, to see if we 
could demonstrate a device more amenable to 
a handset type of application,” Piner says. “We 
were successful in doing that, so the technology 
is capable.” The problem was that there was no 
clear advantage over the GaAs currently used in 
handsets, so there was no obvious value propo-
sition to offer to customers. This scenario, of 
course, may change in the coming years. Piner 
thinks that the acceptance of GaN in manufactur-
ing is one of the key factors. “As GaN is adopted 
into various markets, it doesn’t matter what the 
markets are - it just needs to be accepted and 
productized into a real consumer application.
“Once that happens, and following that a few 
years of history is developed with the technol-
ogy, so you kind of get past the infancy stage, and 
all of the surprises, and unpredictable gotchas 
that sometimes pop up in new technologies are 
basically proven that they’re done away with, or 
they’re corrected or they didn’t exist.
“The risk level of the technology now going into 
other applications becomes significantly less 
because you can kind of argue that you could 
qualify the technology into another application 
by similarity. So it would be easier at that point 
in time for GaN to extend laterally or even down-
ward - I see handsets as a step down in terms of 
required performance. It’s at power levels that 
are significantly lower than what we’re doing 
internally for the products we’re introducing 
today, so definitely arguing that it’s a similar 
product, but it’s a product whose performance 
level is so much lower than what we’re demon-
strating today that reliability and mean time to 
failure and the quality controls and all that are 
not a problem. That would be a pretty easy sell at 
that point.”
No one in the industry anticipates that the 
global market for GaN devices will become 
as large as the market for GaAs devices, at least 
not in the next few years; most predictions are 
that sales of GaN devices will amount to a small 
fraction of GaAs sales. But in absolute terms 
both are likely to grow, especially in applica-
tions where there is no good substitute. The var-
ious substrates (Nitronex is even working on sil-
icon-on-diamond as a GaN substrate) will find 
their appropriate niches, and the toolsets and 
process modules will be developed to make 
production of GaN devices both reliable and 
cost-effective.
Figure 2. GaN 28 V, 
50 W High Electron Mobility 
Transistor, which has 500 
megahertz of bandwidth, 
designed for 3.3 to 3.8 giga-
hertz WiMAX applications.
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